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COMPLETES SPECIFICATION. 



Dry> Vitamin-Active Product and Proems for Preparing Same. 



We, Eastman Kodak Company, a Com- 
pany organized under the Laws of the State 
of New Jersey, United States of America, of 
343, State Street, Rochester, 4, New York, 
5 United States of America, (assignee of 
Lawrence Anthony Anderson), do hereby 
declare the invention, for which we pray that 
a patent may be granted to us, and the method 
by which it is to be performed, to be particu- 
10 larly described in and by the following 
statement: — 

This invention relates to vitamins. More 
particularly it relates to a process of prepar- 
ing dry. fat-soluble vitamin-active products 

15 in free flowing, finely divided form and to 
particular vitamin products. 

As is well known, fat-soluble vitamins are 
those vitamin-active compounds which gener- 
ally are soluble in fats and oils and substan- 

20 tially insoluble in water. Representative of 
these materials are the naturally occurring 
vitamins A, D and E and the commercially 
available, synthesized derivatives, such as 
vitamin A acetate, vitamin A palmitate and 

25 a-tocopheryi acetate. Many of the fat- 
soluble vitamin-active compounds and con- 
centrates are oils at normal room tempera- 
tures. 

It is well known that certain ones of the 
30 fat-soluble vitamin-active compounds, par- 
ticularly those having vitamin A activity, lose 
potency on being exposed over a period of 
time to air. Consequently, it has become 
customary to surround minute portions 
35 (droplets or hneiy divided solids, as the case 
may be) of these fat-soluble vitamin-active 
compounds with an air impermeable, inert, 
protective material or earner. Examples of 
such a material are the water soluble, digesti- 
40 ble, colloids such as gelatin, gum acacia, pectin 
and gum tragacanth, and certain water 
immiscible, digestible, low melting waxes. 
The resulting products are usually obtained 
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in dry, finely divided, generally free flowing 
forms ranging from powder to beadlets, 46 
depending on the procedure employed to 
make them. i 

Besides affording protection from air [these 
generally free flowing, finely divided, dry, 
fat-soluble vitamin products have another 50 
advantage in that they facilitate uniform or 
homogenous distribution of vitamin-active 
compositions in animal feed supplements 
and in animal feeds. However, when pelleted 
animal feeds are involved, problems arise, 55 

In the production of pelleted animal feeds 
and the like steam and elevated temperatures 
are usually employed. Under such conditions 
and with the protective materials or carriers 
usually employed, the dry, finely divided, fat- 60 
soluble vitamin products tend to disintegrate 
or melt and to release the fat-soluble vitamin- 
active compositions which they contain. This 
in turn leads to a loss in potency by destruc- 
tion of the fat-soluble vitamin activity. 65 

Hence, there is a need for new, dry, fat- 
soluble vitamin products in free flowing, 
finely divided form, which are stable under 
animal feed pelleting conditions. 

In summary, this invention involves broadly 70 
a process of preparing a dry, finely divided, 
free flowing product, the particles of which 
contain a water-insoluble, fat-soluble vita- 
min-active component dispersed in minute 
portions (as droplets or finely divided solid 75 
particles, as the case may be) within a carrier 
which is a solid matrix consisting essentially 
of a starch carboxylic ester characterised by 
resistance to water wetting. 

The present invention also provides a 80 
vitamin product in a dry, finely divided free 
flowing solid state, the particles of which 
comprise a water-insoluble, fat soluble 
vftamm-actiye component dispersed in minute 
portions within a solid matrix consisting 85 
essentially of a starch ester resistant to 
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water wetting, the standi ester being a high, 
viscosity, starch alurnmr>succinate ester. 

The water-insoluble fatrsolnble vitamin- 
active composition produced by this inven- 
5 tion comprises one or more substantially 
water-insoluble synthetic or natural vitamins, 
e.g. vitamins A, D, E, K, carotene, vitamin- 
active derivatives thereof and mixtures of 
such compounds. Examples of vitamin A 
10 active compounds are vitamin A. alcohol, 
vitamin A esters, such as the acetate and 
palmitate esters, and vitamin A aldehyde- An 
example of a vitamin E active compound is 
a-tocopheryl acetate. Included in the vita- 
15 min-active composition can be suitable anti- 
oxidants (both oil-soluble and water-soluble), 
such as tocopherols, butylated hydroxyanisole 
and butylated hydroxy-toluene, and sur- 
factants. 

20 Concentration of the water-insoluble, fat- 
soluble vitamin-active component in the fat- 
soluble vitamin-active product of this inven- 
tion is greater than zero but generally less 
than about fortyfive % by weight of the^ pro- 
Sir duct It is usually in a range from 15 ^ to 
35% by weight of the product 

The carrier for the water-insoluble, fat- 
soluble vitamin-active component, according 
to the concepts of this invention, consists 

30 essentially of a starch ester which is a car- 
boxylic add modified starch. On bong finely 
divided, it is iree flowing. It is characterized 
by resistance to water-wetting to a higher 
degree than in the case of unmodified starch. 

35 Another important characteristic is its ability 
to form a gel in an aqueous colloidal solution 
of it when the solution temperature is de- 
creased below that at which the aqueous 
colloidal solution is formed. A suitable 

40 starch ester is that prepared, for example, as 
disclosed in Example DC of the U.S. Patent, 
No 2,613,206, to Caldwell, by reacting a 
starch of any origin, but preferably com 
starch, with octenyl sutscinic anhydride at a 

45 concentration up to a maximum of about 2 /£ 
by weight of the starch and neutralizing with 
aluminium sulphate. Such a starch ester, 
referred to hereinafter as hi^h viscosity, 
starch alumino-succinate ester, is commerci- 

50 aBy available as " Dry Flo " starch from the 
National Starch and Chemical Corp., New 
York, New York. 

The carrier can also comprise a suitable 
edible plasticizer such as, for example, 

55 glucose or sucrose and other compatible 
colloids such as, for example, gelatin and 
natural gums. 

Concentration of the earner portion of the 
fatrsoluble vitamin-active product of this 

60 invention is less than 100% but generally 
greater than about fiftyfive % by weight of 
the product and usually in a range from 65% 
to85%byweigfotofthepTt)duct. Concentra- 
tion of the starch ester of this invention in 

65 the carrier (not in the product) is generally in 
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a range from 50% to 100% by weight of 
the carrier. Concentration of the edible 
plasticizer can range up to about 50% by 
weight of the carrier material. If the plas- 
ticizer is gelatin, the maximum concentration 70 
of this material is about 50% by weight. If 
the plasticizer is glucose or sucrose, the 
maximum concentration is about 25% by 
weight of the carrier portion. 

The dry, fat-soluble vrtamin^active product 75 
is prepared in accordance with the following 
procedure: (1) forming a colloidal solution 
of water and starch ester by (a) prewetting 
starch ester powder with a water-wetting 
agent therefor to form a pre wetted powder, 
(b) suspending the prewetted powder m water 
to form a suspension and (c) while agitating 
the suspension heating the same until said 
powder goes into colloidal solution, (2) dis- 
persing the water-insoluble, fat-soluble vita- 85 
min-active component in the colloidal solu- 
tion whereby a dispersion is formed and (3) 
converting the dispersion into finely divided, 
dry, free flowing solid particles. 

Tne first step of this procedure arises 
because of the starch ester having the pro- 
perty of being so resistant to water wetting 
that when added to water it remains dry and 
floats on the water surface. It is necessary in 
this process to mask this property tem- 
porarily. It is done by admixing the starch 
ester with a water-wetting agent therefor, 
which is soluble in water and which at least 
prewets the starch ester particles. The water 
wetting agent must be inert under the con- 100 
ditions of this invention to the starch ester 
and vitamin-active component. _ A suitable 
water-wetting agent is a lower boiling alcohol 
for example, methanol or ethanoL A sur- 
factant type wetting agent can also be em- 105 
ployed. If it is desired to keep the water- 
wetting agent out of the end product, the 
agent must have a boiling point lower than 
that of water, the boiling point being prefer- 
ably the temperature at which the prewetted 110 
starch ester suspended in water hydrates and 
goes into colloidal solution. In using the 
aforementioned high viscosity, starch 
alumino-suecinate ester powder and methanol 
as a water-wetting agent therefor, there should 115 
be present at least 0.75 nrilliiitre of the alcohol 
per gram of powder. _ 

The prewetted powder is suspended in 
water by adding the prewetted powder to a 
container of water by meaas of, for example, 120 
a high local shear, high speed, impeller type 
mixer and vigorously agitating the container 
contents and is then heated until the powder 
eoes into colloidal solution. The powder con- 
Sentration is selected to give the ultimate 12o 
colloidal solution at the commencement of 
the second step an absolute viscosity at the 
prevailing temperature of the solution m a 
ranee from 100 centipoises to 5000 centi- 
poises. Accordingly the powder concentra- 130 
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tion in the water can be op to about 20% by 
weight A preferred powder concentrati n 
in tiie case of high viscosity, starch alurnmo- 
succinate ester is about 17% by weight of 
a the suspension. 

In heating the suspension care should be 
taken that after the powder goes into colloidal 
solution, temperature of the colloidal soh> 
Uon is maintained below that at which the 

10 solution M sets up " or gels. Otherwise, dis- 
persion in the colloidal solution of the 
vitamin-active composition becomes im- 
practical at practical power inputs. In the 
case of high viscosity, starch aluramo- 

15 succinate ester powder it has been found that 
at a powder concentration in water of 16 6°/ 
by weight 65° C. is about the temperature at 
which colloidal dissolution takes place and 

** ^ 70 o T 75° C is about the temperature at 

20 which the coDoidal solution gelatinizes. 
Hence, in the case of this particular starch 
ester at a concentration of about 17Y by 
weight it is preferred to heat the suspension, 
to about 65* C. and to maintain the resulting 

25 colloidal solution at about this temperature 
until after the second step has been per- 
formed. Incidentally, at this temperature and 
when using methanol as the prewetting agent 

oa ?5' st of e met aaa°l evaporates in this step 

30 After or during the formation of the cofloidai 
solution other components, if any, of the 
earner composition, such as a plasticizer or 
smother compatible colloid are added and 
thoroughly mixed in with the starch ester and 

36 water. 

The second step of dispersing the water- 
insoluble, fat-soluble vitamin-active com- 
ponent in the colloidal solution is accom- 
phshed by adding to the colloidal solution 

40 with vigorous stirring the fat-soluble vitamin- 
active j component. The water-insoluble, fat- 
soluble vitamin-active component should be 
well dispersed in the colloidal solution, the 
particle size of the droplets or solids thereof 

46 bang many times smaller than the desired 
ultimate minimum particle size of the end 

product Generally the particle size should be 
less than about 15 microns. 

^? ie ir third of Preferred process, 
60 that of converting the dispersion resulting 

from the second step into finely divided dry 
free flowing solid particles can be accord 
pushed m a number of ways. In this regard 
it should be noted that the dispersion can 

55 now be heated to a higher temperature to 
decrease its viscosity. In the case of the hteb 
viscosity, starch aluinino-succinate ester it has 
been found that the dispersion prepared 
therefrom by this process can at this point 

60 be heated to as much as 80° C without gela- 
tinizauon occurring. Such decreased viscosity 
is sometimes desirable in carrying out this 
fourth step. 

One way in which this third step can be 
tto performed is by dispersing the dispersion in 



mineral oil at a temperature below 90° C 
preferably at or below 55° G, and then cool- 
ing the mineral oil while agitating the same 
until the droplets of the dispersion have gelled. 
These droplets of dispersion gel slowly and. 70 
therefore, in order to minirnize coalescence 
should be maintained under agitation for the 
period of time it takes for gelation to take 
place. The gelled droplets or beadlets are 
then filtered from the mineral oil, washed 75 
with an inert solvent for the mineral oil, such 
as, for example, cool hexane, and air dried. 
Preferably the solvent should be one which 
does not substantially leach vitamin-active 
material from the beadlets. In the way here 80 
toUowed, isopropanol alone was found to 
result m an appreciable leaching of vitamin- 
active material, such as vitamin A aldehyde, 
from beadlets formed from high viscosity 
st^dummo^uccmate ester powder. Finely 85 
divided sihca powder or other anti-sticking 
agents can be added to the beadlets to pr£ 
vent sticking of the beadlets during drying. 

* ♦f^f 5^°? verting the dispersion 
into finely divided, dry, solid particles is to 90 
disperse the dispersion in water established 
and maintained at a temperature at or prefer- 
ably below 50° C Gelled beadlets are formed 
under such conditions. These beadlets are 
filtered from the water, washed with a 25°/ 95 
by weight solution of isopropanol in hexane 
preferably containing in suspension finely 
divided sihca, and then air dried. 

Stffl another way is to spread the disper- 
sion into a thin layer on a cooled surface A 10D 
thm, gelled sheet is formed. The gelled sheet 
is dried in a heated air stream and then 

comminuted and sieved to the desired particle 
size* 

Stfllanother way is to extrude thedispersion 105 
through a cooled die to form filaments of 
gelled dispersion. The filaments are air 
dried, comminuted and sieved to the desired 
particle size. 

Of course, with suitable pre-adjustment of 110 
water content the dispersion can be spray 
dried in accordance with the procedures of 
the prior art . 

This invention is further illustrated by the 
following Examples of various aspects in- 115 
eluding specific embodiments thereof. 



u 



Example 1. 

This Example illustrates a dry, finely 
divided, free flowing, vitamin A active product 
of this invention, useful for pelleted animal 120 
feeds and a process of this invention for 
preparing it and its production. 

Admix 16.6 parts by weigfct of finery 
divided, higji viscosity, starch alumino- 
succinate ester (Dry-Flo starch ester) with 125 
0 .75 millOhre of methanol per gram of starch 
ester. Disperse the prewetted starch ester 
powder in 83.4 parts by weight of water by 
introducing the powder into the water with 
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rigorous agitation. While continuing agita- 
tion, heat the resulting suspension to 65° C 
and nre™**"" it at this temperature until the 
powder goes into colloidal solution. Dis- 
5 perse in the colloidal solution to a droplet 
size of about 2 microns 42 parts by weight 
of distilled vitamin A aldehyde by introduc- 
ing this vitamin A active oil into the colloidal 
solution with vigorous agitation. This results 

10 in a dispersion in the form of an emulsion 
containing 20% by weight of vitamin A 
aldehyde on a dry weight basis. Heat this 
emulsion to 80° C 
Disperse the hot emulsion in mineral oil 

15 having a temperature established and main- 
tamed at 0° C After the droplets of emulsion 
gel and gelation is complete, filter the resul- 
tant beadlets from the mineral ou\ wash with 
hexane at 0° C. and then air dry the washed 

20 beadlets. If desired, the beadlets can also be 
dehydrated with isopropanoL However, this 
is not preferred since this has resulted in the 
laboratory in an appreciable leaching of the 
vitamin A aldehyde from the beadlets. 

25 Example 2. 

This Example illustrates another process 
of this invention for preparing the solid, 
vitamin A active product of Example 1. 
Repeat that portion of the process of 

30 Example 1 up to, but not mduding, the step 
of dispersing the hot emulsion in mineral oiL 
Instead, disperse the emulsion in water 
having a temperature established and main- 
tained at 25° CL Gelled beadlets will form 

35 which are insoluble in water. Filter the 
beadlets from the water and air dry the 
beadlets. 

Example 3. 
This Example illustrates sull another 

40. process of this invention for preparing the 
solid, vitamin A active product of Example 1 . 

Repeat the steps of the process of Example 
1 up to, but not including, the step of dis- 
persing the emulsion in lmneral oil. Instead, 

45 pour the emulsion onto a cool horizontal 
surface until a t frfa layer forms. Upon 
gelation of the layer, slice the resulting sheet 
into strips and dry the strips in ambient air. 
Comminute the dried strips in a hammer- 

50 mill to particles for the most part in the -30 
to +100 US screen size mesh range. Screen 
out the particles in this range and wash with 
hexane to remove exposed vitamin A alde- 
hyde. 10 millflitres of hexane per gram of 

55 solids is usually sufficient for this purpose. 
In performing in the laboratory this em- 
bodiment of the process, test procedures 
showed that only 4.0 weight percent of the 
vitamin A aldehyde content was exposed at 

60 the beadlet surfaces by the grinding step. 
Moreover, the hexane washed beadlet par- 
ticles showed no tendency to dissolve in 
water at 212° F. 
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Example 4 

This Example illustrates a dry, finely 
divided, free flowing, vitamin E active pro- 
duct of this invention, useful for pelleted 
animal feeds and a process of this invention 
for preparing it 

Admix 14.9 parts by weight of high vis- 
cosity, starch aluminc^ucdnate ester powder 
(Dry-Flo starch ester) with 0.75 millilitre of 
methanol per gram of the starch ester. 
Suspend the thus pre wetted starch ester in 
74.3 parts by weight of water by admixing 75 
the same with intense agitation* While con- 
tinuing the intense agitation heat the resulting 
suspension to 65° C and maintain this tem- 
perature until die suspended starch ester goes 
into colloidal solution. Then, disperse in the 80 
colloidal solution to about a 2 micron 
droplet size with the aid of said intense 
agitation 10.8 parts by weight of d-alpha- 
tocopheryi acetate oil. A vitamin E active 
dispersion in the form of an emulsion is 85 
thereby formed. Spread out the emulsion 
into a thin layer on a cool, horizontal surface 
and let the layer geL Upon gelation remove 
the sheet from the cool surface and dry in a 
warm air stream. Comminute in a hammer- 90 
mill and screen. Wash the screened particles 
with hexane. 

Example 5. 

This Example illustrates another process of 
this invention for preparing the solid, 
vitamin E active product of Example 4. 

Repeat the steps of the process of Example 
4 up to the step of forming the vitamin E 
active emulsion. Then* extrude the emulsion 
through a cooled, filament forming die. Air 100 
dry the resulting filaments. Comminute the 
filaments in a hammermill and screen. Wash 
the screened particles with hexane. 

In practicing this process in the laboratory 
d-alpha-tocopheryl acetate oil was used which 105 
at the 10.8 parts by weight concentration 
would provide a vitamin E potency of 575 IU 
of vitamin per gram of dry solids, assuming 
no loss of potency or oil occurred in carrying 
out the process. It was found that hexane 110 
washing of the -30 mesh US screen size 
product resulted in an extraction of only 
17.5% by weight of the input d-alpha- 
tocopheryl acetate oil. Furthermore, the final 
product was a free flowing, hot water in- 115 
soluble, granular powder having a vitamin E 
potency of 475 IU per gram. 

Thus, a dry, free flowing, fat-soluble 
vitamin active powder is provided which is 
particularly useful in pelleted animal feeds. 

The powder has good stability and high 
vitamin potency, is substantially insoluble in 
water at temperatures up to about 300* F., 
and is physically resistant to water saturated 
vapour or hot gases at such temperatures. 

WHAT WE CLAIM IS:— 
1. A process for making a vitamin pro- 
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duct in a dry finely divided free flawing, solid 
state, the particles of which compiise a 
water-msoluhle, fat soluble vhanm-active 
component dispersed as minute portions 
6 wittun a earner which is a solid matrix con- 
sisting essentially of a starch carboxyhc ester 
resistant to water wetting which comprises 
(I) forming a colloidal solution of water and 
said starch ester by (a) prewetting a powder 

iu of said starch ester with a water-wetting 
agent therefor to form a prewetted powder, 
(b) suspending the prewetted powder in water 
to form a suspension and (c) while agitating 
the suspension heating the same until said 

15 powder goes into colloidal solution, (2) dis- 
persing said vitamin-active component in 
said colloidal solution whereby a dispersion 
is formed and (3) converting said dispersion 
into dry. finely divided, free flowing, solid 

20 particles. 

2. A process as claimed in claim 1 in 
which the water-wetting agent is methanol 

3. A process as claimed in either of claims 
V or which the powder concentration of 

25 the suspension is 17% by weight and the 
starch ester is a high viscosity starch alunimo- 
succinate ester. 

4. A process as claimed in claim 3 in 
which the suspension is heated at a tempera- 

30 tare of at least 65° C 

5. A process as claimed in any one of 
claims 1 to 4in which the vitamin component 
is dispersed in the colloidal solution to a 
particle size less than the ultimate minimum 

*o particle size of the product 

6. A process as claimed in any one of 
claims 1 to 5 in which the dispersion is con- 
verted to the solid particles by dispersing the 

„n ft^SFJ 11 mineral oil at a temperature 
40 below 90° C. cooling and agitating themineral 
oil until the dispersion gels and forms solid 
particles, separating the solid particles from 
the mineral oil by filtration and washing the 
particles with an inert solvent for the mineral 
46 oil, and air drying the solid particles. 

7. A process as claimed in claim 6 in 
which the dispersion is dispersed in mineral 
oil at a temperature below 55° C 

8. A process as claimed in any one of 
claims 1 to 5 in which the dispersion is con- 
verted to the solid particles by dispersing the 
dispersion in water established and main- 
tained at a temperature at or below 50° C 
whereby the dispersion gels and forms solid 

5*> particles, removing the solid particles from 
the water by filtration and washing the 
particles with a 25% by weight solution of 
isopropanol in hexane and drying the solid 
particles. 

9. A process as claimed in any one of 
claims 1 to 5 in which the dispersion is con- 
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venea 10 toe solid particles by spreading the 
dispersion ma thin layer on a cooledsurface 
^ereby a thm gelled sheet is formed, drying 
the gelled sheet in a heated air stream, S 
minuting the sheet to finely divided particles 
and sievmg the particles. 

10. A process as claimed in any one of 

^LV m ^ Uth ^ Aspersion is con- 
verted to the solid particles by extruding said 70 
asperaon througfi a cooled die to form 
fikments^ux drying the filaments, comminut- 
mg the filaments to finely divided particles 
and sievmg the particles. 

11. A process as claimed in any one of 75 

'JSE? } ^u 5 ^ tepznio* is in- 

verted to the solid particles by spray drying. 

^ -L,^ 0 ^ . for * *y. finely 

divided, free flowing, vitaniin-actrve, solid 

1 ^^^ stB ? my 35 taembdfi ore des- 80 
cnbed with reference to any one of the 
examples. 

13. The product of the process of any 
one of claims I to 12. y 

™- ^^J^F"? Product in a dry, finely 86 
divided free flowing solid state, the Articles 
ot which comprise a water-insoluble, fat- 
soluble vitamm-active component dispersed 
m mmnte portions within a solid matrix 
consisting essentially of a starch ester 90 
resistant to water wetting, the starch ester 
being a high viscosity, starch alunrino- 
succmate ester. 

rJ£ if • vit ^ j? roduct 85 claimed in 
claim 14 m which the concentration of the 96 
vitamm-active component is greater than 

KJSt 45% ™ ight of said 

i 1 **' . vi <waam product as claimed in 
claim 15 in which the concentration lies in 100 

SSL? 0 * 15% 10 35% by 

17. A vitamin product as claimed in anv 
one of claims 14 to 16 in which the fat- 
soluble viteimn-active component comprises 105 
a fat-soluble vitarnin^active oiL 

18. A vitamin product as claimed in 
claim 17 m which said fateoluble vitamin- 
active oil consists essentially of vitamin A 
aldehyde. • ll0 

i * 9 * ,£. vita ?? i ? P«>diict as claimed in 
claim 17 in which said fat-sohible vitamin- 
actrve oil consists essentially of alnha- 
tocopheryi acetate. 

£ product as claimed in claim 14 115 
substantially as hereinbefore described with 
reference to any of the Examples. 

W. P. THOMPSON & CO 
12, Church Street, Liverpool, 1. 
Chartered Patent Agents. 
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